der minimum. They suggested that the sun exhibits periods of suppressed activity during which the phase of periodic variations is not conserved and that this behavior conforms to a chaotic solar dynamo. The appearance of phase changes in the 125-year period at the beeinnine and the end of the most --recent set of major radiocarbon anomalies, as well as the maintenance of phase relations from -A.D. 1050 to the termination of the prior triplet type event (-200 B.C.), supports this view and, in addition, suggests that the periodicities in the temperature reconstruction from the southern Sierra Nevada were solar-induced. The 600-year duration of anomalous phase (-A.D. 1050 to 1650) also corresponds to the average length of the Hallstattzeit variation' (1 9, 20) , whereas spectral peaks in the tree ring temperature reconstruction correspond to harmonics of the 2120-year recurrence interval between such events (19, 20) . This comparison indicates that solar variability and climate may be closely related. In light of the findings (25) Measurement of the levels of ozone and carbon monoxide (a tracer of anthropogenic pollution) at three surface sites on the Atlantic coast of Canada allow the estimation of the amount of ozone photochemically produced from anthropogenic precursors over North America and transported to the lowertroposphere over the temperate North Atlantic Ocean. This amount is greater than that injected from the stratosphere, the primary natural source of ozone. This conclusion supports the contention that ozone derived from anthropogenic pollution has a hemisphere-wide effect at northern temperate latitudes. 
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North America is a particularly large source of 0, and its precursors that can be transported to the temperate North Atlantic Ocean (8) .
This transport may have a major impact on the tropospheric chemistry over the North Atlantic Ocean, and even over the downwind continental region of western Europe.
There is evidence that the average 0, level at the surface in western Europe has more than doubled since preindustrial times (9) and easily identified from high variability over short time periods. Measurements from these periods have been removed from the data sets we discuss.
Measurements were made at all three sites from mid-July to mid-September, 1991. W e calculated 1-min average 0, and CO concentrations. Periods that showed high variability of either CO or 0, levels were presumed to be contaminated by local sources and discarded. W e then calculated 5-min averages and standard deviations. Any 5-min period with a standard deviation of CO or 0, greater than 20 or 2 ppbv (parts per billion by volume), respectively, were also discarded. A t no site were more than 4% of the data rejected by these two criteria. Winds were predominately from the direction of the local pollution source during periods of discarded data. Additional data were lost for some periods at each site as a result of equlhpment malfunction. average. For each site, the slope of the linear fit to the data is given, the standard errors in the slopes are all less than 0.01. The dashed line encloses the data points from the one pronounced episode of elevated 0, attributed to stratospheric injection. At Seal lsland the measurement period was 22 July to 22 September, at Sable lsland it was 8 July to 21 September, and at Cape Race 13 July to 16 September, and the data sets represent 61%, 86% and 91% time coverage of the respective oeriods.
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At each of the three sites the data (Fig.  2) are characterized by generally constant, low levels of 0, and C O interrupted frequently by episodes of correlated, elevated levels of both species. Linear regression analyses show that the variation of the data are similar at all three sites. The similarity of the derived slopes indicate that the relation between O3 and C O levels is approximately constant over the 1000-km distance spanned by the sites.
The scatter in the data about the linear relation likely arises from several sources (in addition to experimental imprecision). One primary cause is that the ratio of 0, to C O levels varied among episodes because of differences in the intensity of the photochemical processes that occurred in the respective air masses. For example, the air samples from Seal Island with the most elevated C O levels show relativelv low 0, levels. This pattern may be an indication 01 incomplete photochemical processing of the O3 precursors in the air masses transported to this site, which is closest to the source regions. Indeed, air can be transported over the 500 km from Boston to Seal Island in less than 1 dav under moderate wind conditions. Thus, some pollutants may be transported to Seal Island that have never been exposed to full sunlight.
Other factors must have also influenced 0, levels. Injection of O3 from the stratosphere would be indicated by episodes of elevated O3 with low CO. Only one moderate episode was obvious. This was at Cape Race and is represented by the group of points between 40 and 60 ppbv O3 with nearly constant C O levels at about 100 ppbv (Fig. 2) . O n 18 August 1991 in advance of the passage of Hurricane Bob up the Atlantic Coast, air with low levels of both 0, and C O was transported into the region from the south. At Sable Island, 0, and C O levels remained below 25 and 75 ppbv, respectively, for 36 hours. Such levels are characteristic of the tropical North Atlantic troposphere (16) . The data from this episode correspond to the points in the lower left extreme of each data set of Fig. 2 .
"
The slopes of the linear regressions in Fig. 2 provide an indication of the amount of 0, photochemically produced from the precursors that were emitted info the air masses with the CO. That is, the amounts of 0, and C O in these transported air masses were at a molar ratio of about 30%. Because the amount of C O emitted over North America is approximately known from emission inventories, and because the fraction of this C O that is transported to the North Atlantic can be estimated. it is possible to obtain an approximate b"dget for the amount of O3 exported to the lower troposphere over the North Atlantic Ocean from North America.
A recent comprehensive inventory of emissions compiled for 1985 in North America (17) indicates that 40.4 million tons of C O per year was emitted from the states and provinces east of the Mississippi River; this amount is about two-thirds of the North American total. No significant seasonal cycle is present; therefore the C O emissions from eastern North America correspond to -330 billion moles per summer. We assume that all of this C O is exported to the troposphere over the North Atlantic Ocean. Transport times across this region are a few days, much shorter than the l-month lifetime of CO, and the prevailing winds are from the west. Thus, the quantity of O3 photochemically produced from the precursors and transported to the North Atlantic is approximately 100 billion moles of O3 per summer.
This simple budget estimate has significant uncertainties. First, the anthropogenic emissions of C O in eastern North America may be somewhat underestimated (18) (19) (20) , and there are other, relatively minor sources of C O (2 1). Second, some of the exported O3 may have been deposited or removed by chemical processes before it was measured. The relatively similar slopes found at the three sites suggest that loss of O3 was not significant. Third, some of the C O emitted in eastern North America may be transported to other regions (for example, the Arctic or the Gulf of Mexico).
Finally, the relation of 0, to C O levels has been measured only at the surface and only to the northeast of the major source regions; at higher altitudes or when transport is more easterly or southeasterly, a somewhat different relation may hold.
Despite the uncertainties the O3 export estimate is reasonable. The emissions inventory (1 7) estimates that 61 billion moles of nitrogen oxides per summer are emitted over eastern North America. Liu et al. (7) concluded that on average ten O3 molecules are produced for each nitrogen oxide molecule emitted in this same region. The product of these numbers-610 billion moles-yields a rough estimate of the total O3 produced in this region during the summer. Thus, the estimate of the export to the North Atlantic corresponds to 16% of the total produced. This is in reasonable accord with the exported fraction of 25% found in a model study (22) of one stagnant pollution period over eastern North America; the remainder was lost before transport by chemical reaction and surface deposition. Our export estimate is also in reasonable accord with a recent three-dimensional chemical transport model calculation of 0, export from the United States (23), which found a total O3 export about four times as large as our estimate. However, well over half of that total was ventilated vertically to the free troposphere over the western United States.
For comparison, the amount of 0, injected from the stratosphere may be reasonably estimated from the annually averaged global flux of 5 x 10" molecules per centimeter squared per second (5, 6) . The flux is relatively low in the summer, but relatively high in the North Atlantic latitudes, and these factors will approximately cancel. The entire North Atlantic covers about 40 x lo6 km2. of which about 17 x lo6 km2 lie in the temperate region between Europe and North America. The above flux acting through the summer over this temperate region yields 110 billion moles, a quantity similar in magnitude to the estimate for continental transport, which is concentrated in this temoerate region. " The stratospheric flux enters the upper troposphere, and a large fraction is removed by photochemical processes before it can be transported to the lower troposphere (24) . The transport from the continent enters the lower troposphere. Therefore, during the summer, the O3 budget in the lower troposphere over the temperate North Atlantic is dominated by O3 that is photochemically produced from anthropogenic emissions.
This conclusion is & accord with the good fit of the linear models to the data from the three sites.
In consideration of our results. the observed increase of tropospheric O3 levels in Europe may be partially attributable to transport from North America. Likewise, transport from Europe could affect Asia and transoort from Asia could affect North America, as has been indicated by measurements in California (25). The overall result would then be a general increase in the levels of O3 in the temperate latitudes of the Northern Hemisohere. Such hemisphere-wide air pollution has been identified in satellite data (26) and is in accord with recent modeling studies (27) .
12. J Fishman and W. Seiler, J. Geophys. Res. 88, 3662 (1 983).
The 0, instrument (Thermo Electron Corporation:
Model 49) is based on ultraviolet absorption at 254 nm, and the CO instrument (Thermo Electron Corporation: Model 48) uses nondispersive infrared absorption Each CO instrument was modified for improved sensitivity by adding a field lens (14) and more precise temperature control of the absorption cell. We checked the performance of each 0, instrument N i c e daily by sampling zero air (ambient air passed through a charcoal trap) and an 0, stream from the instrument's internal 0, generator added both directly at the instrument and at the inlet. Th~s latter procedure verified that the inlet line passed 0, without loss. We measured the sensitiv~ty of the CO instrument N l c e daily by addition of a 100 ppmv (parts per million by volume) CO callbration standard to the sampled air stream at a rate of 0.2% of the total flow. The zero of the CO instrument was determined hourly by sampling air passed through a heated catalyst bed that oxidized CO to CO,. This procedure was used because water vapor absorbs in the same infrared region as CO and is thus an interferant in the CO measurement. Hence to correct for this interference, it is necessaiy that the water level be identical in the sampled ambient air and in the zero air. [See (15) Here we describe how the mineralization of soft tissue can be induced under experimental conditions in the laboratory, and we use the results to interpret its occurrence in the fossil record. 
